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PATENTS ACT 1977 

A10743GB-DJL/GMD 

Title: Air Conditioning System 

S Descritytion of lavention 

This invention lelates to an air conditioning system and more 
particularly to such a system foe an aircraft* 

It is a requirement in an aircrafk to supply cool air to a pressurised cabin 
thereol Usiially the cabin air is recirculated with, some of the air being 
10 refieshed by air obtained from the exterior of the aucxaft 

Typically such external air is bled from an engine of the aircraft and is 
thus pressurised. Such requires filtering and cooling before being mixed 
with recircul ating air for introduction into the airoafi cabin for breathing and 
£6r the main'ienance of cc»nfortable conditions. 
15 It is lnown to cool the air by exchanging heat in the hot pressurised air 

with cooler ambient air. This may ef&dently be achieved by first conrpiessing 
the bled air i:o increase its temperature and pressure before cooling the air. Also 
it is known to cool the air further by expanding the air over an expiansion 
turbine, which also results in some pressure loss in tlie compressed air, 
20 With conventional systenna^ hot cabin air is ejected from the air 

conditioning; system and loss of volume is made up by the cooled conditioned 
bleed air. Tlius the heat energy of the hot cabin air which is ejected, is wxisted 

Espei;ially where an aircraft is parked on the ground in hot clhnatic 
conditions, the cabin air may become very hot and using a convcnticaial ah: 
25 conditioning systent, it may take some time after the air conditioning system is 
started Up, e.g. when the aircraft engine or engines are started^ or when a 
ground based support unit is used to provide air to the air conditioning liystem, 
for the cabia air to be cooled to a desimble tenqiciature. Thus a considerable 
amount of beat energy may be wasted. 
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More particularly, fhe present ioyention relates to an air conditioning 
system for an aircraft in wWch cabin wr is rwinc^^ 

from an air conditioning machine which includes at least one e3q>ansion turbine 
over whicJi '^vaim pressurised air is expanded and cooled, and wherein the 

5 system includes a load heat exchanger in which a heat load from hot cabki air is 
exchanged iwith tiic warm pressurised air prior to ttie pressurised air being 
expanded by fhe mansion turbine. In such a system, waste heat in the cabin 
air may usefully be eny^lqyed to provide energy to inq)rove die ciwling 
efScimcy of the expansion turbine. 

10 The present invention has as one objective the iir^rovemesnt of heat 

recovery in £. system as above set forth, and also h^ the object of removal of 
water contained in tiic warm pressurised air. One advantage of flbe remc val of 
water from the warm piessuiised ab before it is expanded and cooled in the 
expansion turbine is that the formation of any droplets of water iin the 

15 pressurised air as a result of its conrpression can cause damage to the blading of 
Ibe expansion turbine, which typically turns at some tens of thousands of ipm. 

According to one aspect of the present invention, we provide an air 
conditioning system for an airwaft, in which cabin air is recirculated and mixed 
with cold aic from an air conditioning m3Chme which includes at least an 

20 expansion tuiMne over which warm pmsurised air is expanded and cooled* and 
further incliMles a heat load exchanger in which aheat load fitm hot cabin air is 
exchanged vdth the wann pressurised air prior to the pressurised air being 
esqpanded b> Ihe expansion turbine; and "vdierein there is a condooiser heat 
exchanger in which recirculating cabin air is brought into heat exchange 

25 relationship ^ith the warm pressurised air to cool and promote water removal 
therefrom prior to its being expanded by the esqpansion turbine. 

The jecirculating cabin air may pass llirou^ the condenser heat 
exchanger, tci cool and remove wator from the warm pressurised afr, after it has 
passed fhroui ^ the load heat «chang^ to give up heat to the pressurised air. 
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Alternatively the lecircuJating hot cabin air may pass through the 
condenser h)jat exchanger, to cool the pressuifeed air and remOfve vrater 
thcrefram, b«sfore it passes through the load heat exchanger to give up heat 
caetgy to the pressurised ail. 
5 The 5)«tem may be selectively operable in cither of the above modes. 

The piessurised air may be derived from an oigme of the aircraft C'Weed 
air") in whith case it will be hot and pressurised and thus requite cooling 
before being mixed with ledrculating air for mtroductian into the airccafl 
cabin. It miiy firstly be cooled by exchanging heat -whh ambient air which is 
10 caused to flow through at least one heat exchanger through which the bk<ed air 
is passed as a consequence of the aircraft's motion C'ram air") or by the use of a 
fan M fans (v,rhich may be driven by the expansion turbine). 

The -water removed from the warm pressurised air may be delivered, e.g. 
in the fotm of a spray, into the ambient air prior to the heat exchangei<s) which 
1 5 first cools thf i bleed dr, to assist cooling of the latta. 

The irvention will now be draraibed by way of exanqple witii refisrencc 
to the acconqjanying drawings, of whidi: 

Figure 1 is an iUusttative diagram of an ah coruMoning system in 
acccHdance vtdth the invention; 
20 Figurt 2 is an illushative diagram of a modified version of the air 

conditian system; 

Figuic! 2a shows a modification of the system of Figure 2. 
nefenmg to F^uie 1 of the drawu^ an air conditioning system 10 for 
an aircraft inchides a ram air inlet 1 1 through which ambient air is introduced to 
25 the system when the aircraft is in flight, the tam air generaUy being driven mto 
tiie system 10 due to the movement of the aircxaft tiuou^ the air. 

The s-ystem further mclwdcs another ak inlet 12 for air bled &om the 
engine. Such bleed air is hotter than the xam air, and is pressurised. 

I 
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The hotter bleed air fixnn inlet 12 is fed to a primary heat exchanf^ 16 
where heat u. exdianged wiA the cooler ram air from xam air inlet 1 1. Ihe 
cooler ram ait firom lam air inlet 12 is also used to cool hot air in a secondaiy 
heat exchanger 18 as hereinafter d^cribed. The thus warmed lam aii* then 
5 returns to aml^icnt, with the assistance of fans 19, 20 as hereinafter described. 

Thefaas 19» 20 wiU assist in drawing in ram air throu^iam air irdet 11. 
particularly ^hen the airoraft is on the ground e.g. as the aircraft taxiing. 

The air conditioning ^stran 10 includes a two stage compressor/tiubine 
anangmient In a compressing section of the system 10, the cooled bleed air is 
10 first fed fironri the primaiy heat exchanger 16 via a duct 22 to a low pnsssiire 
compressor 2 5 which thus pressurises and canses heating of the bleed air. From 
the low pressure compressor 23 the pressurised and heated air is fed along a 
duct 24 to a high pressure compressor 25 where the air is further pressurised 
and heated. 

15 The resulting high pressure and hot air is passed to ttie secondare heat 

exchanger 18 along a duct 27, and fiom tiie secondary heat exchanger ] B Ihe 
cooled, now ^varm tii^ pressure air passes alcmg a duct 29 to a cooling section 
of the system ID. The warm pressurised air is fed firom duct 29 to a condeoser 
heat exchanger 130 followed by (optionally) a water separator 31. Th^5 heat 
20 exehanger VS^O cools the warm pressurised air for a purpose herelaafter 
cxplainsd anc. causes the seg)aration of water therefrom: such water sepaication 
is effective at the high pressure of the pressurised air. 

The warm pressurised air is tfa« fed via a duct 32 to a fixst, high 
pressure, expansion turbine 34 where the warm pressurised air ocpmxds and is 
25 cooled. From the hi^ prrasure turbine 34, die cooled but still wami lower 
pressure air is passed along a duct 35 (possibly including a furflier water 
separator (not shown) furth« to dry the air), and the medium pressure drisd air 
then passes via a load heat exchange 38 where the air is warmed, via duct 
140 to a secoQd (low pressure) eiqpansion turbine^ where the air is further and 
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substantially cooled and its pressure reduced. The cold air passes from the 
second expansion turbine 41 via a duct 42 to a mijdng box 43 from which is 
supplied to an aircraft cabin 44, 45. Two ducts are shown leading from the 
mixing box respective parts of the cabin 44, 45, e.g. a main cabin part and 

5 Hie aiixaaft's Qight deck. 

Air is recirculated from the aircraft cabui 44, 45 via a recirculating loop 
including a duct 62 with a &n 60, and a duct 66 leaiUng to die mixing box 43, 
in which the reciroilating air is mixed -with the cold air from the duct 42. An 
outlet for a portion of die air from the cabm 44, 45 to amlneDt atmospliecB is 
1 0 indicated at 4 7, including a yaWe for controlling such outiiet 

In diis example, the low pressure compressor 23 and the seoonl low 
I»essure turbine 41 are carried on a common shaft 51 such that die compicssed 
air expandint; across the turbine 41 drives the low pressure compressor 23. 
Furthermore one (20) of the &ns 19, 20 which is effective to eject warmed ram 
15 air from the system 10 is also provided on the shaft 51 and is thus driven by the 
expanding compressed air. 

The fii-st high pressure esq^ansion turlnne 34 is carried on a shaft 50 oa 
which the high pressure compressor 25 and other fhn 19 are carried so that the 
high pressuCT! compressor 25 and fen 19 are drivesn by the pwsssurised air 
20 expanding across the first turbine 34. 

It can be seen from the drawing fliat in the compressor section of the 
system 10 th<stc is a valve controlled by-pass 53 from the duct 22 to the first 
con4)ressQr 23, to the duct 24 between die low pressure compressor 23 and the 
high pressure conqnressor 25. and a fljrfher valve controlled by-pass 54 from die 
25 duct 24 to diict 27 from the high pressure con^tressor 25, so that die high 
pressure comj)ressor 25 can be by-passed as permitted by the valve. Also, diere 
is a valve ccntrolled by-pass 55 from die duct 27 to die duct 29 from flie 
secondary hetil exchanger 18. 
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In the cooling secdon of the system 10 diere is a valve controUcid by- 
pass 56 &om llie duct 32 to the first tiubine 34 to the outlet of the tuibine 34p a 
valve controQed by-pass 57 finm flie duct 29 £roin the secondaiy heat 
exchanger IP to the outlc* duct 35 from the first turbine 34, and a valve 
S controlled by -pass 58 from the duct 40 to the second expansion turbine 41, to 
the cold air duct 42 from the second raqpansion turbine 41. 

The valves of the by-passes 53, 54, 55, 56, 57. 58 may be operated by a 
i^stem controller (not shown hi Figure 1) to balance the system 10 in various 
operating conditions, and to ensure that Hie cold air entering the mixing box 43 
10 is of a desired temperature and pressure. If desiTe4 the valves in by-pass-M 53, 
54 may sir'iple check valves. 

It will appreciated that when die aircraft is on the ground particularly 
in hot climates^ the cabin temperature can rise significantly, for example to 
SS^'C. Convinxtionalty upon system start-iqp such hot cabin air has simpl> been 
IS recirculated until the £ur is cooled by mixing with cold air in the mixing box 43» 
to a desired cabm temperature. Thus the heat of the cabin ah* is lost firom the 
system 10- A proportion of the mr in the cabin 44, 45 may be ejeded to 
ambient as indicated through the outlet 47» so that a proportion of the catdn air 
44 is refreshed by the air from the air conditioning system 10. 
20 The 5>stem 10 provides a means for recovery of heat energy from hot 

cabin air. 

Cabin air is recirculated from -die cabin 44 widi fkn 60 assistance, and 
the hot cabin air first passes >ia the duct 62 to tibie load heat exchanger 38 
through which the medium pressure air from die first esqiansion tuibine 34 
25 passes. Thus heat from the hot cabin air is used to warm the cooled mcsdium 
pressure air prior to passing to the second expansion turbine 4 1 • 

After he load heat exchanger 38, the reciiculatmg cabin air fiasscs 
through the condenser heat excliang^ 130 in which it cools the warm, 
pressurised air delivCTed along tiie duct 29. After having passed tfarougji the 
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load bc^ exchanger, recirculating cabin air will be sufiicieDlly cool to 
exchange heat effectively with the warm piessmised air from duct 29 and cause 
condensation and separation of the oi a substantial proportion of Ae water 
content there* jf (further water removal bemg provided by the water separator 3 1 
S ifpresoit). 

Water separated fix>m the warm pressurised air by the condense:: heat 
exchanger 130 (and the separator 31 if present) is delivered by a line 13 1 to a 
spray 132 in ifae duct ftom the ram air mlet 11 upstream of the heat exchemgers 
16, 18. Tliis has the effect of increasing the cooling effect of the: heat 

10 exchanger 1 6 . 1 8> by virtue of evaporation of ihe water at the suri^ces thereof- 
Figure 2 illustrates a modification of the cooling section of the system 
10, in which components corresponding to those above described are idexrtified 
by the same inference numerab. Certain parts, namely the water separator 31 
and by-passe!i 56, 57, 58 have hem omitted from Figure 2 in the interests of 

15 simplicity, but it will be £^pieciated that Hbsy may be present 

In Figjre 2, ihe ducts 62, 66 by which recirculating cabin air arrives 
back at the mixing box 43 have been rearranged so that the recirculating air 
fiistiy passes through the condenser heat exchanger 130 and then the load heat 
exchanger 38. Although the recirciilating cabin air will be warm, it wiU be 

20 substantially i^ooler than the pressurised air reaching the cooling section <>f the 
system from duct 29, and thus reduces the temperature of the warm pressurised 
air to promoti: the separation of water therefrom. In doing this, the circulated 
air will be ra'jsed in temperature, and its inoreased aiergy conteiit can then be 
transfexxed ic tiie load heat exchanger 38 to the air passmg ficon the high 

25 pressure turbine 34 to the low pressure turbine 41, so that energy am be 
recovered in the latter. 

The inset. Figure 2a, to Figure 2 shows a modification wherein \'alves 
135, 136, 137 may be provided in the ducts 62, 66 together with by-pass ducts 
138, 139, operable so that the recirculating cabin air may be supplied firstly to 
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the condense}- heat exchanger 130 (followed by the load heat exchange :)8) or 
to Ae load htsat exchanger 38 (followed by the ccmdenser heat cxchanga- 130) 
as desired. A ccmtroUer for controlling operation of the valves 135-137 is 
indicated at 141. 

5 In the prraent specificalion "conq^risra" mrans "includes or consists of* 

and "conqnising" means "mcluding or consisting of. 

The fratures disclosed in the foregoing desciiplion, or the following 
claims, or the; accompanying drawings, expressed in Ibeir specific forms or in 
temis of a means for p^orming the disclosed function, or a method or pix>cess 
10 for attaining &e disclosed result, as ^ypropriate, may, separate^, or ia any 
combination ^f such features, be utilised for realising the invention in diverse 
forms thereofl 
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CLAIMS 

L An air CQnditioning system for an aircraft in which cabin air is 
recirculated £nd mixed with cold air from an air conditioning machine which 
5 includes at Isast an expansion torbine over which waim pressurised air is 
expanded mii cooled, and further includes a heat load exchanger in winch a 
heat load firora hot cabin air is exchanged with the warm pressurised air prior to 
the presswised air being expanded by the expansion turbine; and wherein there 
is a condenser heat exchanger in which redrculating cabin air is bnM^t into 
10 heat exchange relationship with the warm pressurised air to cool and promote 
water removal there&om prior to its being expaaded by the expansion turbine. 

2. A system according to Claim 1 wherein the recirculating cabin air is 
passed throu£^ the ccxidenser heat exchanger after it has been passed through 

15 the load heat sxchanger. 

3. A ^stem according to Claim 1 herein the recirculating cabin air is 
passed throuEih the condenser heat exchanger before it passes tiburough the load 
heat exchang<!r. 

20 

4. A system according to Claim 1 which is selectively operat'le in 
accordance with Claim 2 or Claim 3. 

5. A system according to any one of the preceding claims wherein water 
25 removed from the warm pressurised air in tbe condenser heat exchanger h\ used 

to assist in cooling of engine bleed air supplied to tibie system. 

6. A mctaod of operating an air cosaditioning system in an aircraft of the 
kind in whi&i cabin air is recirculated and mixed with cold air from an air 
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conditionii^ machine which incliides at least one e:q>ansion tiubine over which 
warm ptessuiised air is expmdod and cooled^ and wherein the system includes 
a load heat ^xhanger in which aheat load from hot cabin air is exchanged wiAi 
the warm pnsssutised air prior to tiie pressurised air being esqpanded by the 
5 expansion tiut>ine; the method including bringing recirculating cabin aix into 
heat exchani^e relationship with the warm pr^urised air prior to the 
pressurised air being expanded by the expansion turbine, to cool and assist in 
removing wa sr from the warm pressurised air. 

10 7. A method according to Claim 6 \)^erein the recirculating cabin air is 
brought into licat exchange relationship with the warm pressurised air afiTer the 
cabin air has passed throu^ the load heat exchanger. 

8. A method' according to Claim 6 wherein the recirculating cabin air is 
15 brought into heat exchange relationshQi wllii the warm pmsurised air before 

the cabin air - s passed through the load heat exchanger. 

9. An ail conditioning system substantially as hereinbefore described with 
reference to snd/or as shown in the accompanying drawings, 

20 

10. A method of operating an air conditiomng system &r an aircraft 
substantially as hereinbefore described with reference to the accompsmying 
drawings. 

25 11. Any rtovel feature or novel coxnbinaiion of features described herein 
and/or in the iiccoinpanying drawings. 
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ABSTOACT 

Title: Air Conditioiui:^ System 

An a* r»»Hi f{nint«e system for an amsraft in >vhich cabin air is 
tedroulated sixd mixed ^ cold air from an air conditioniag machine ^ch 
includes at least one «^ioa turbine over vAidi warm pccssurised air is 
expanded and cooled, and wberein the sy^tan includes a heat exchai]«ar in 
which a heat load from hot cabin air is exdiangcd with the vnam pressurised air 
prior to Ac pressurised air being c?cpanded by the expansion turbine, Eittther 
including a condenser heat exchanger in which recirculating cabin air is used to 
cool and pnjmote water i«noval from the warm pressurised air befoi* it is 
expanded by tiie expansion tuibine. 
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